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ABSTRACT

For the next ten years, at least, it would almost
certainly be prohibitively expensive for a student to recelve a major
part of each day's instruction in a direct individual dialogue with a
computer. Furthermore such a system would not teach a student to
interact effectively with other humans, to communicate the restlts of
his labors to others, or to exchange ideas in attempts to solve
shared problems. For the present, the computer is most useful in its
role of a general purpose information processing system.
Tndividualized instruction allows the mode, content and sequence of
instruction to be tailored to the individual's needs at any moment in
time. A computer is an important tool in individualizing instruction.
The computer can be used as a teaching machine, a problem solving
tool, or as a tutorial system. The remainder of this paper is a
survey of the state of the art in computeir~based tutorial systems
with special reference to the work being done at the System
Development Corporation. B short list of references is provided. (JY)
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ficture & college student ‘of 1975, erriving &t-his study center in the
morning ond imncdistely sitbing in front of a sophisbicated console |
‘complete ﬁiﬁh tape feborder and earphones, slidé and-wotion picture
projectors, & television screen, a keyboard, and an electionic yen
hnallowing fréewhand student responses. This console, aloﬁg with thousands
-of othersg on the campus, is connected to and controlled by a large central
’ cémputer. The student receives instruétion by means-of multi-media pre-
"sentatiéns, and ﬁses.a variety of response modes %o answer Juestions aboub
"the content material, Thé computer evaluates all responses and.provideé
immediaﬁe correcfive feedback. Vhen the student needs further information
o ﬁelp him solve & problem he commuvicates thfougﬁ the computer with a
féomprehensive automated library, typing his questicns in normal English
formab and'receiving immediate answers., ﬁé vorks entirely et his bwn pace
and may sze an entirely differen£ sequence of material than any other
#tudent. With appropriate breaks for coffee aﬂd Junch, the student‘works

in this individual manner'unfil he is ready to go home in the afternoon.

The sysiem Just described is technologically feasible today. Butb does it

. represént s likely picture of college life in 19757 I believe not, for at

! §
H \

least two imporitant reasons.

/% John E. Coulson is assistant manager, Education Systems Department, System
Development Corporation, Santa Monica, California. |

Note: This paper was prepared for a series of facﬁlty seminars sponsored

by Bucknell University and the Office of Education, Lewisburg,
Pennsylvania, March 28-29, 1968.
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' The first reason is purely economic. For the next 10 yeors, &b least,.it

‘would slmos?t certainlj be prohibntiveTy expensive for every student to receive

& najor pert of ecch day's instruction in a direct, individual dielogue with

e computer. I will discuss some of the economic considerations of computer-

-

aided instruction in e later section of this paper.

But & more important reason, I believe, is that on educétion based. exclusively
{of prédqminantly on ) closed«syéféﬁ;.maﬁmcém§ﬁ£er d;alogue‘would,be terribly'
sterile in several importanﬁ respects, no matter how efficiently the stﬁdepts
'._.,. might acquire content skills. Such s system; in fact, would increese an
already unfortunate tendency for education to divorce itselfl from such dmpor-
- tant gkills as the ability to interact effectivé;y with othex hu@ans, to
* conmunicete the results of one's lebors to others, and to exchange'ideas in

. attempts to solve shared problems.

The reserﬁations'that I have expressed thus fay d¢ nob mean that I believe
compvteré are useles- in instruction. On tbc conbzary, I hope to make it
-j'clear in this paper .that computers w111 probably vlay & major role throughout
" college educatlon within 10 to 20 years. But to understend the potential
impact of computer technology on higher education, we need tg stop thinking
" of the compgter simply as another éudio;visuai a2id, a desk calculator,‘or a
glorified teaching machine, and begin to eppreciate its capaﬁilities as &
| general-purpose information-processing systém. And wien we speak of the rolé
- of computer»aided jnetruction in individuelizing college instruction, we must
clearly define whet we mean by individgalized instruction,.and vhat techni@ues

we subsume under the lebel, "computer-aided instruction.”

a
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INDIVIDUALIZED ve INDIVIDUAL INSTRUCTION : ' | .

Toward this end, I should first like to make a distinction between

Mindividuslized instruction" ond "individmel instruction,” Individuel

instruction implies thet the student is moving entirely independenﬁly, with
' .litule or No inun action with his fellow students. Such inotrucﬁicn cannob,
. dn itself, provide a toﬁaT education slthough 1t may do sn excellent Job of

teaching certain skills. , Other, equally importent ﬂklllﬁ requmre group

Anteraction. . L ' _3 ' .-

.Iﬁdividualized instruction, as distinguished from individualyinstructioﬁ,

" meens thet the mode, content, and segquence of instruction sre tallored to
“the individual's nccds at any'moment in time; it does not neces sarily mean
that he studies by himself slthough he mav in partlcular circumstances.

Thus in a singie 1esson a studeni might spend part of his tmme in selfwstuay

) (e.g., with a progremued Lextbook), part of his time watching a film in a

Z_large aualtorium, and part in a group dlscuoblon, yet the entirc lesson -

- sequence might be nghly indivmduallzed.

£

-

To insu?e %hat each student reccivcs e sequence of instructional experiences_
N K : that provides eflective.individualized instruction, & college ox other edu-
" cational institution must have, in addition to its'staff, at least three
-majoxr fesourccs: A large pool of'teaching materiais deéigned to produce
..sbecified types cf behavior; & monitcring and evcluation system to brovide
" continuous asSLbument ol 1nd1v1dual performarce, and & decision and control
mechanl m for matching the instruction to the individual needs. Thc typlcal

college today lacks all three of these rewources. There &are wmany textbooks

L4




.' end tesching sids sveilable to sugment the instructor's.lectures, but these
are too often decigned to cover & certain smount of content area rather than
to produce epecificd student behawviors. Student assessment s usvally plece~
meal, haphazard, end infrequent, and cons cquently heg little impact on the

instruetion. The instructor s ends most of his time lecturing, or doing his
. 9 &

ovn reseorch, end has little opportunity to assign different students to
difrerent lesrning modes sccording to their ssgessed needs., Thus the locke , .
step systen so common in ‘the public schools often prévails‘in higher'education'

es well. COJTﬁge studcnbs may select their courses cafeteria~-style, bub once

they are in e course they will probably ell get Lhc "plue-plate speclel.”

Some small colleges end universities, such as Bucknell, are foruunat +o have
- small student/teacher ratios, and can 1ndlvnduallze instruction to a con91der-
ebly grester exbtent than the large schools. FEven here, hovever, there is &
| deflnlte limit to the capacity of any manvel bookkeeplng system for tracking
. gtudents who are moving independently, and for seeing thatl each.student is
in the _rigﬁt Jocation af the right time, with the right teaching materiels,
end vorking in the opbimal learning mode. Our research at SDC suggests that,
. ideally, it should be possible to individually assess and reassign each
student to a different leaining ﬁode gg many as 20 or 30 times a day. 'xn ‘the
great majority of colleges and universities, at least, the sheer'immensity
of'the bookkeeping requlred for such :ndmvxduallzed insbrucblon would meke it

_essentisl that some form of automatlu date-~processing assistance be prov1ded.

‘A modern computer has qharaéteristics thelt closely parallel those needed in

. eny educational system that wishes to provide highly individualized




instruction. First, it has o very large ﬁemory capacity that can be used to

store inshructionsl content meterial or, under certain conditions, to

generate such materisl. When the mab erial 1z stored externally, as in

rveference books, £ilms, etc., the coamputer can maintein recoxrds of the

location ond hature of the meberial for subsequent referrel. The compuber

can also store extenéive information sbout classrooms, faculty, tcachiné

aids of ell. descriptions,_gn@ other school resources, as well as datﬁ on all ‘

students in the college. ? ' ) S

: Second, ‘the computer cen perform comolex anolyses of student responses
inserted by keyboard, punched cards, electronic pen, or obher technjques
vin%q the computer. . It can operate s0 rapidly in this activity that lerge

.

i numbers of students can be individuelly assessed.many times each day.

;

Y :
,anally, the computer cean mske decisions baoed on the as essments of student

\‘

gerformance, matehing resources to individual student needs. One such C
,aecision might be for the computer to present lesson materials directly to
A . the student in a tutorisl wmode. Other possibie'decisions might be to refex
| the stude ;t.ﬁo a partigular section of»; textbook, to have him try a certain
. chemistry experiment in the lab, %o seek consultation ffom ah_instructor, or
" to Join & group discussion being conductéd in a particular classroom. Wbenn
ever the student completed the assigped activity, he might be reassessed for
assigmment to & diffevent sctivity. In the case of the chegrlis?;i;y experinent,
for example, he mighé be required to insert the resul%s of his experiment i

before he progresses :urther in his vork.

e e« A Y




COMPUTER-ASSISTED IKSTRUCTION

Consideration of these compuber capebilitics brings us to & definifioh of the
second key texm in the title of this paper: "computer-assisted instruction.”

I view computer-agsisted instruction as including enything & computer can do

%o help individvelize end improve instruetion. Thus the term encompasses nob
only the direct tutorial dislogue between computer and students, but also
autonated data-monogement aids £0 help instructors end administrators design

curriculs, monitor student performance, and nanage elassyoom instruction,

In 1966, according 1o o report recently publishéd by the American Council on_'

Educaﬁién, almost 600 American colleges, or approximately 30 percent‘of the
/l

iagﬁi; hed acquired at lesst one computer (Caffrey & Mosmann, 1967). The

;ﬁﬂéécrt estimates that, by 1970, more than half of all colleges and universities
wil; have one or more compubers. However, only a very small percentage 6f w
these machines are used for any pﬁrpése dirvectly connected with instruction. | :i
. Probgbly 95 percent of the on-campus compuber time ig used for routine |
procesging of adﬁinistrative records, payroll and budget calculations, i
attendance records, and similar activities. These are all important functions J
that help & college Jjustify the expense Of computers and associate@ mechinery, i

but they fall outside the eres of this paper's concern.

Fivegeneral'épplications ere found for the remaining campus computer time,
the five pexrcent or soO devbtee to instructional aséiétance. These jinclude
. the computer's use as: (1) a problem-solving tool for students; (2) -
" tutorisl tesching device; (3) en automated library or information-retrieval

system; (L) a classroom information system for instructors; and (5) & data~ g

npansgeent 8id for staff end administration in instructional plenning. Each
| |

-
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‘of these epplications ig aiscussed below, with exemples based on agtugl.or

proposcd projzcts.

The Computer as a Problem-Solving Tool

Among the computer epplications f£itting more dircctly unaer the heading of
computeruaﬁsiated instruction, probably the most conmon, anq certalnly one
~of the earliest, s the computer’s use a5 & problen~solving tool forlthé
s%udents. A primary examplé ié the engineering student's use 6f ) computef
to solve ne'thematicul problems in designing, let us say, & concrete Wall

that must withetand certaln specified stresses. In such an appl¢°atnon the

compuuer sorves much the same function as a slide rule or a desk calvulator.
Thc computer has one significont advanbage 8s. 8 podagoglcal tool., hovever,
S e aside from its greater povex?anﬂ.speed. Before the student can make the
" | computer solve his mabthematical problem, he nust aﬁal&ze the problem and
.véxplicitly forﬁula&e its solution'asﬂa geriés of discrete, operationally

~ defined steps corresponding to the'computer's rebertoiré of operationsJ
In perfdrming thé requisite anélysis and. 1ogicaily ordering the compufer's
| operatidns, the student often gainé g much better understanding of the

originel problem, and is better prepared to solve subsequent problems of a

‘similar nature.

A special Snstence of the éomputer's:application 8s & problem-solving tooi
is its use to teach students about cémputers éﬁd compuber programming. Here

- the computer becomes the subject of, as well as the instrument for, instruc~
tion. Again citing the report of the Amefican Council on Education, doctorates

in computer science are offered at 15 universities in the United States end




masters degrees et more than 30. In a far larger number sf institutions,
separate courses on computer design and pxogrammlnv ere offered w;thin the
..programs of the departments of mathematics, engineering, and other related
disciplines. In these courses, an sttempt is ususlly made to have students
Jearn ebout the computer by using ths computer, for example, by programuing

it to perform ccrtain tasks. Frequently computers used for this pufpose
operate under. en executlve program coantaining e variety ol dmagnOSulc routines.
When e student attempts to insert his own progrem he- receives feedback messages

telling him vhat kinds of errors his program contains.

The Computer ss a Teaching Machine

| Mdrg vecently, computers have been used as sophisticated teaching machines.
TkLs is the sapplication most populsrly 1dent1i1ed.with ‘the term, "eomputer-

,f ;ss1sted ingtruction.” In this mode & computer interacts tutorielly with a

| student so that he moves through thencourse mateyial at a rate end in &

sequence éetermined by his respohses %o questions contained in the material.

Some of the larger computer-based systems operate under a time;sharlng progran,

vhich means that the seme computer can g:ve individualized 1nstructnon to many

different studen.s concurrently. In actuality the computer processes the

students in turn, rather than simultaneously, but because of its great opexr-

ating speed the computer can cycle thrcugh all the students S0 rapldly that
no individusl experiences any significan’; delay belween inserting a response

 eand recelving feedback from the machine.

The present paper is not primarily concerned with the history of compuler-
basca tutorial instruction, but for those readers who wish to trace some of

-the earlms b deve]opmcnus in this flead, descr:ptions of practically all the




orJginal conmputer~aided ingtruction progeotv ‘con be found 5n the proceedlng
. of 8 1961 "Conference on Programmed Learning and Computer-Bascd Instruction,

jointly sponsored by the Office of Navel Research asnd Systenm Development

Corporation (coulson, 1962). These ea}ly projects included work at Inter-'
netional Business Macﬁines, the University of Illinols, System Development
~ Corporation, end Bolt Beronek end Newmen, Listings end brief abstrocts of
.more current compuber-sssisted instruction projects are being maintaioe& by
" Kexl L. Zimn at the Unjversity of Michigen, snd by ENTELEK Incorporated,,

Newburyport, Messachusetts,

It is difficult to getb any.precise figuros on ‘the number of projects in this'
_’couoﬁry presently using compubters as tutorial teaching devices. ‘In such s
ﬁgdly developing field new projects are starfed‘élmost every month, and
“ occasionally a project silently disappears. A reasonable total figure might
“de 30 or 35, with perheps 20 of Lhese locatod in various colleges eand uni-
| versitieg. some of the projects are sponsored by computer manufacturers
hoping to develoﬁ new educationai mariets for their products. The majority
of projects are conducted as learning research laboratories or as experimental

: (
prototypes by unlversit:es and independent research institutions. There ave

probably fewer than bhalf a dozen projects in vhich compuber-based tutorlal

instruction is used es a routine part ¢ & regular instructional program.

. Computer-bssed tutorial systems come in a wide varlety of sizes and shapes,
“but practically all have at leasst six major components: +the computer; one
or more teyminals through which the computer end the students interact with

ench other; communication lines between computer and terminals; sequences of

coupuber commends, celled "progrems," that control the actions of the computer;
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, the 1nstructﬁonal content, and the students theuselves. Each of these
components is dwscussed b@low, wmth ilJu tratlve examples given from actual

| computer-based tutorial systems.

. ’ . ’ N
The Computer., The compuber eveluates all student responses, assesses each

sstuden 8 5mmcd1abe learning neceds, end controls the presentatlon of lesson-
materlal to the students. With perhap one or two exceptlons, all computers
',preseLbly used for computnv~a isted 1nstruct10n are generalupurpose machlnes
- origlnally'drsmgned Tor s01ent1f3c or business epplicetions. Like nost
generu1~purpose devices, they are quite versatile buo sre not ideally designed 
for any S1ngle'type of operation. In the future, as the educatlonal market
- grows, ve msy begin to see‘computers built specifically for eaucational
'Epurpo es.' Such computers mlghﬁ place less emphasis than most present day

- maﬂpbncs on prodlglous speed and caleulation capablllcles, and more emphasis

on memory capacity, economy, and. s1mplvclty of operatxon.

}%3'* Curfent coﬁputer-assisted teaching projects use compu%ers of several different
mekes, including IBM, GE, RCA, Philco~Ford, and Control Data Corporation. IEM
‘machines are in mbst coﬁmon use, probably because of the greater number of -

. these machines alréady on campﬁs. The machines range greatly in size, speed,
end cost. As & rough estimste of the price rgiaéé, some of the smallest
' computers use& for instruction cost sroun&,$80,000, while the larger machines
.run from two to three million dollars. Generaily speaking, the larger
-compuwers, operating under a tlms—sharlng system, can handle more students
ot the same time (theoretically a thousend or more for some of the largesi

‘machines although most systems currently handle only 20 to 50 students). They
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| cﬁn also'givé more immediate feedback to the students, store more completg
performance records on each student, perform 8 more complex analysls of
yresponses, end provide more alternstive lesson sequenceg to students who

" gemonsbtrate verying levels of mastery. It mubt be kept in mind, however,
that clever progremmers can make even a small computer behave impressively,

" and poor progremmers can vaste most of a large machine's capability.

L Terminals. A computer camot effectively interact directly with the outside *
~woxld. It is useless'without input/ouﬁput terminals‘to recelve and Yransait
" informstion. Most commonly,”of course, the computer's outside vorld is

represented by the humans using the machine.

/J“ 7 As with the computers themselves, terminals are produced by numexrous

S
. '-
. ; 4 Lo . .
S

;f - cmanufacturers and in & large veriety of forms. Because of the highly inter-
ective rature of computer-based tutorisal 1notructxon, a two-vay communlcatnon '
. O  }~dev1ce such as &a telebypcwrlter is commonly used rather than a printing |
.machine or otlier one-vay devmce. Undex computer control the teletypewrloer
'E "‘ can type instructlons, dlagnostic queo’clonse and feedback mossages to the
student. The student, in turn, can use the teletypewriter keyboard to
insert his responses to.the computer's questions. Two other advantages of
. the teletypewritﬂr are that it is less expenblve than most other types of
'v_termlnalg, and it is more. easily connected at sites remote from the computer.
'}SDC's'computer in Sants Monica, for example, is connected to teletypevwriters

* in Massachusetts, New Jexrsey, Washington, end Ohio.

Despite the economy and convenience of the teletypewriter, it is a very
noisy and slow device. Furthermore, there are some instructional situstions

that require more display capability,.as in the prescntdtion of graphic or
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pictoriel nsterial. With suitable engineering and progrenming, sny type of

- presentstion dévicé can be controlled by & computer. One of the eafiiest

systens develcped by SDC used & random~access slide projector that could

/;vdisplay up $o 600 slides in any sequence directed by the compuber (Coulson,

. 1962) The PLATO aysbem dcvo1oped.by the Coordinated Science Laboratory at

the Universlty of Illinois displays material through closed—01rcuit telev1sion
(Braunfeld, 2.964). Two geparate v1deo plctures are sunergmposed on the

student's TV screen. The televised problem freme contains spaces for the

.-student's snswers. When the student inserts his responses through & keysetb,

'they eutomatically appear in the answer sbaces.

In some learning situations it is very important that the student learn the

. :f'f relationships between symbdlic and graphic information, as in the represen~

; ~Instructional System, for example, incliudes a computer-controlled tape recorder .

| tetion of mathematical functions. ILicklider and Clark (1962) reported on an

éxpérimehtal compuferubased instrﬁctional system in Which'the student could

'vary the coeff1c1ean of an equatlon and observe correspondlng changes in the -

'graph displayed on an 0901lloocope screen. Alternatively, thc student could

sketch a graph on the screen, using an_electrlc stylus, and then see the

best~fitting function, along with its equation.

Auditorj material must often be presenbed in teaching foreign languages, or
- dn gi v1ng directlons to young children. Several systems'have been developed
- to provide random access to recor&ed.messages, s0 that a computer can select

“them in any sequence Jjudged to mee’, the learn"ng needs of a student. IBM's 1500

in eddition %o a slide projector end a cathode ray tube display. A similar

C
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random-sccess audio unit built by Westinghouse is used in an experimental

PR I

' teaching system at the University of Pittsburgh (Ragsdsle, 1966).

' ’Consideréble vaxieby ds slso seen in the devices used by studenfs to indicate
4the1r responses to quostlons in Lhe computer~controlled lesson seqnences.
‘  Such devicee must allow rapid studenbmcomputer interactions, and in mogt
| instances this rules out the more convent:onal compuber 1nput channels such
es magnetic tapes and_punched~5ards. The most common, input devxce for
gcamputeruassisted'instruction is the teletypewriter keyboard or other va%iety |
"of keyset pexmitting constructed verbal fesponses. With such a device fhe |

student may give muliiple-choice answers or shori f£ill-in responses, or even

" 'write essays.
- s o )

When graphic diéplays are provided on cathode ray tubes, it is often useful

-to allow ‘students to specify certain ereas on this display. For example, &

'geography student might be shown an outline of a hypothetical contlnent, and

asked to locate the best sites for founding an 1ndustr1al community. ThlS
v'.can e éccomplished through a light‘pen, vhich the student points al the

£

cathode ray tube display to specify & point or area to the compuber.
Another type of‘graphic input device, called the RAND Tablet, consists'of a
. grid of extremely thin copper wires providing s surface ﬁhat can be written
: op.with an electric stylus. Using such a device the student can specify
.,:areas, draw lines, or even print letters gﬂd numbers tﬁat can be reéognized
by an anpronriaté programmed computer, :We are cu?rently experimenting at
8DC with & RAND chleu on vhich we are prOJectlng images fron & cathode

3 ray tubes In this way wve can superimpose stimulus and response material on

the same surface.,




\ - - - m——
. . .
- . . .. . - . . -

TURTS Al O .:

}

v e vt
T i LR

1L

At the University of Pittsburgh, a "touch-sensitive displey” allows the - .-

computer to detect whére s student touches the projection séreen with his
finger or a pointer (Regsdale, 1956). Another device under development &b

Pitbsburgh, the "manipulation board," detects the placement of objects,

- such as blocks, that the student mlgxt be asked to arrange in some pdttern.

The manipulation bourd and the touch-sensitilve display are particularly

wseful for instruction of young children or menteally retardéd students)who

3

: night have difficulty operating & Eéyboard. .

Communication Lines. Normally the commnicetion lines might be subsumed

under the discussion of the terminals themselves. I have broken then oub

.as & separate item, however, because there are.some very critical problems

}

“4n linking computer end terminals that are slmost always overlooked in

general digcussions of computer-assisted instruction.

The simplést‘type of terminal in common uSe today, ‘the teletypewriter, can

be linked to the computer by & standard telephone line. The installation

charge for the teletypewrlter is not wvery high, and the montth rental is

not prohibitive for most uﬂcrs, but the line charges themselves can be

extremely costly if the terminels are Jocated many miles from the. computer.

An hour of line use for compuﬁer-3551oted 1nstruct10n will cost the same as

" & conventional telephone conversation of the same duraﬁlon and distance,

_Even at short distances, this could add up pretty fast if hundreds of

terminals were baing used several hours every day. Thus the conmunication

costs must be a major consideration in eny plans for a centralized system

in wvhich a eingle computer is intended to service many schools or campuses

over & broad geogrophic arca.




* executed. It conbeins general commands, for example, about how control is

~ to be passed from the student to the computexr, and'back agein,

15

The communicabion costs are increased many times when terminals are used

- that require & high density of date trensmission. This is true, fof example,

~of many'graphic diéplay'devices vhich must be connceted to the computer by

specisl high-speed date lines or microwave circults. Aside from the costs,

" the use of such terminals also makes the problem of transmission relisbility

moxe acute., .

. Progrems. In most compuber-based tutorial applications two types of computer

o

progrems are required. One type of program is specific to a particwlar
lesson; it containg 8]l the dilrections to the computer for sequencing the
lesson materisl, evalunting responses, end giving feedback in that lesson.

The other Type is the conbrol program under vhich the lesson program is

A lesson program conbaing the pedagogic strategies for the lesson. Our own
experience indicales that the strabegy cannot be stondardized or stereotyped;
,.it muet be tailored o the subjert riztter covered by the particular lesson

and mey, in féét, change several times during the lesson. In other words,

.

you cénnqt establish a rigid pattern and say, for example, that every new
topic ﬁust be introduced by en instructional fréme defining the neﬁ concept,
fb}lowed py tﬁree examples illu§£rating end elaborating on the definition,
followed by two question-frames requiring the student to demonstrate mastery
‘of ‘the Eoncept. Such an arbitrary rubric may Jend an aurs of sgientifiq
figor, but it will inevitably fail the test of practical utility. In the'
present stabte of the art; there is no substitute for empirically dgtermining

vhat lesson sequence will be most effective for each topic.
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.Commonly, en ettempt is made to sccommodete individusl differences among .

students by means of & branching structure with alternative sequences of

lesson materdal for each topic. On a given topic, one sequence may provide

only the bere essential foclks; & lower level sequence on that same topic may

- provide move redundancy ond more concrete examples; and, & third sequence may

give still more prectice and repctition, and may phrase the information ia

shorter, less grematically complex sentences. Thus a bright student berforming

%

.~ well on the material might move rapidlf from one topic to the next, seeing

relatively few instructional fremes and always being kept.at the more concise
level of exposition, while a slovwer student might be dropped to successively

lover, end more redundant levels in the program untll he shows mestery of

feach topic. Our work wnbh,such sequenceo at SDC indicates thet mere repetition
. or rephrasing of & concept in smmpler uenas is not adequate. If & student

does not learn from one sequence, he should be given a new sequence thaﬁ Lakes

en entirely different approach to the topic.' Yor example, if the origlnel

. - sequence takes a deductlve approach, presenting a rule or prlncxple and then

giving exsmples, the remealal sequence wight take an inductive epproach, in

vhich the student 1nduces the principle from & series of concrete examples

- and applications.

- A nurber of different fesponse characteristics can be taken into account in
'.f the computer s branching decisions. For example, the decision may be based
',on & dexalled analyuls of a single response, vhere the nature of the student's

':error suggeats g pofticular misundersUandlng that may be cllmlnatea by a

particular remedial sequence. Ox, branchlng mey be based on exrror counts

accumulated over & number of instructional frames. If & student makes feﬁer

—————
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" than two errors out of elght questions on a top;c, for instance, thls might

|
cause the program £0 brench ahead to & new topic; two to four errors mlght

,caasn it ‘to present a brief remedial sequence; and more than four errors

might lead 1o the student's being started ovexr on the topic, with less

complex material.

.

Other response messures somebimes used in the brenching decisions include

' respon e latency, end the'student's own expression of confidence in his

s
-

undcrstanding of & topmc. Both of these measures, however, are of somewﬁaﬁ .
'ﬁncertawn value, being difficult Lo calibrate because of the great degree
of variebility from one student to another, end even vithin the 1nd1v1dual

student from one content area to another.

The control program, vhich may actually consist of several interrelated

- programs, controls the insertion of legson-gpecific programs into the

- computer. It elso governs the overall execution of the lesson programs waen

the lessons are presented to students. In some computer~based teaching
systems the lesson author first prepares his lessdh information in flow
charts showing'the 1essop gequence and branching instructions. This infor
‘mation is later transcribed onto coding sheets, then punched oﬁto cards, and
;finally read into the computexr. Such & syétem can be cumbersome. The lesson

guthor has little direct control over the actual insertion of his material,

S

Vﬁe sees his Jesson as compiled and executed by the computer. The delay and
ﬁartial loss of control frequently encourage the author to prepare long

lesson sequences before he attempts to get them invo the computer. Because
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he then has a sizesble investment of effort in the long sequence, he may be

reluctant to make any basic changes in it even 1f he detects flows when it

" 48 "played back" to him By the computer, or even if the students' performance

1ater veveole gross inadequacies in the material. , 2

An slternstive approsch is to build into the control program the capability

for the lesson author to insert his instructional sequence directly into the

- computer, through & Leletypewriter or similar device. This "on-line" capa

o

‘ blllby is provmded by IBM's COURSEWRITER (Grubb, 1967) end SDC's PILANIT

(Felngold, 1967).

'In the "lesson con&truct" node, PIANLT allows an author to specify the lesson

.,content, the feedback messages, and, the branchlng decision structure. In the

"exccute" node , he-can see any part or all of the lesson "played back" to him
Just as it would be'presented to & student. In the "edit" mode, the author

can 1nsert new instructlonal frames at eny point in the sequence, or delete

or modlfy exlsting frames. He can switch 1mmed1ately from any mode %o any

other to facilitate urlals end revisions of small segments of & lesson.

PIANIT is designed to meet two requirements. The first is %o give the

:1esson author a great deal of flexibility in the types of materisl ‘he can

prepare, and to minimize constraints on the types of responses that cen be

".nwde by the student. - The second requlrement is to make the computer—a851sted

tutoriasl system user oriented. That is, both author and student should be

able to communicate with the system without being computer specialists or

 spending & long time learning a new code.
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v;To meet the need for flexibility, PIANIT prov1des many differcnt optlonu to
the lesson author in the types of frames he can consbruct, and in the rules
'ﬁe con Insexrt for sequ&ncmng those frames. For example, multiple~choice

| framés, congtructed-response frawes, and mathematical problem frames cen be
asgembled in any sequence; there are no standerd pabterns to be followed.
Either suthor or student can make use of a wi@e variety Of mathematical and.
statistical subroubines. BAn avthor preparing a sequence of mathematiéal

problems need not eveluvate the problems for numerical solutions himself, but

. can. merely specify the formules which the computer can apbly to check &

student's response.

 PIANIT elso permits flexibility in the form of the student's responses. When

' the PHONELIC option in PIANIT is used by the lesson euthor, for example, a

student's constructed response will be accepted as correct despite misspellings
if it is phonetically equivalent to ény answey previously designated as .correct
by the lessoh suthor, Thus under the PHONETIC mode, "teechur" would be en

accepteable spproximation of "teacher,"

bl

Similarly, the KEYWORD option causes PIANIT to search for e designated set of

words in the student's response. Under the KEYWORD mode, the lesson autﬁof

might specmfy "John Kennedy" as thc correct answver to a question and PIANIT

woul& sccept as correct the response, "I pelieve 1t was John F. Kennedy."

(PRI v . - . - P N IR e . - < . e - -

] Flnally, the FORMUIA option gives the studenu credit for his answer if it is
one of a subset of expressions algebraicdlly equivalent to any of the designated
"ecorrect” responses. For example, the expression, 6(E) would be accepted in

place of'the expression,'g% .
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The PHONLTLC KEYWORD and FORMUIA options can be used in any combinatlon
selected by the lesson suthor., wmth different options for dlffefent items in

the lesson seguence, if desired.

All of the options availsble to the lesson author 1ncrease his degrees of
'freedom, but also Lend o complicatc his task of constructing 1esson sequences,
To minimize po.sible confusion, and to make PLANIT & practicel. tool for the
'nonprogrammer, we have built the “"lesson cons tfugt"'mode, as well as the
"execube" mode, in bhe form of & tvo-way dialogue between human and compuber.
'The computer, tbrough e teletypewriter, prints brief messages ab each point
in the lesson~construction process where the lesson author must provide.
.infbrmatﬂon. These messages tell the suthor whatl type of information is
E needed bcfore the computer can proceed with the lesson compllatlon. In the
constructién of e f£ill-in type question freme, for example, the computer asks
the lesson guthor to specify the %ext of the gquestion. After the suthor has
:typed the guestion, the com?uter asks him.to;specify.all possible auswers,
vcorrect or incorrect, that he‘wanﬁs the computef.to ﬁreat in some special
way. After the lesson author llstu the answérs, the computer asks hlm.to
specify the actmons to be teken for each anticipated response. Dependlng on
the student's response, the author may instruct the computer to tell the
student to try again, to‘give the student a feedback message confirming his
' gesponée or correcting hi; error, or to skip him backwards or forwards to

_some other segment of the lesson sequence. The suthor can also specify

actions to be taken if the otudenﬁ gives an unenticipated wrong answver.

Content Matermal. There seems 1O be & p0pular mis conceptlon that, if you use

& large compubter and en elaborate branchlng struCuurc with many alternative

[P
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.- Jesson sequences, you can be somevhat casusl about the preparation of the

. content material itself. Noth¢ng could be further from the truth. IL any- |
thing, more time and effort must go into the development of lesson meterials
"for 8 computer-besed teaching system than for a programmed teitbook or a

| simple tesching machinc. Although ﬁractically anyone can write lesson

sequenccs at & high rate, the developmenﬁ of effective material is many times

" glover. At one point in oux research at SDC, we cstimated that it took tyro -
"man»years to develop 20-hours worth of material. One’ reason for this slow .

“yate is that in compuber-assisted instruction, not only the main sequence,

"¥  but all the aﬁxiliar&'ﬁranqhing sequences snd remedial 1oqps s well must‘be

."carefully tesbed and revised té ensure that each sequenée does the job for
%345 whicﬁ it ves designed. This means, first, determining that there is a suffi~-
'é ciently sensitive diagnostic measure of the student's strengths and weaknesses
'7‘a$ each point in the lesson sequence, and second, makmng certain that each
remedisl loop remedies whatever learning deficiency has been detected. Other-
: -vﬁise; &s we have unfortunately fbund in soﬁe of.our ovn research, a.student |
may be directed through two or three remedial sequences and still perform

5

poorly on s posptraining criterion test,:

-": Careful ﬁreparaﬁion of lesson maferiél does not necessarily require exposing -
the materisl to large numbers of students. It does mean working‘iﬁtensively
wifh small lesson segmen*s and. individual‘students, testing and revising
_each segment until it achleves itslobjectlves. We have found that ﬁore can

i'be learned.by'worknnp very clos ely'w1ﬁh 15 or 20 students, one abt a txme,
observing’ thc detoils of thelr behav:or, than by simply studying statlstlcal

"_summaxies of the responses of several hundred students.
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. 8tudents. The students vie have worked with and those ve have heard about,

T Al 5T T WA

regardless of graae lev&l, have not been aved, frightened or intimidated by

Voo e L
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their experiences with computer-assisted 1nstructxon. However cleverly we

= aront SO er

. may progrem the compuber, every student soon sees 5% for what it is: another
learning tool, 1ike & textbook or slide rule. And like other learnlng tools,
b‘the computer and its various appendages are vieved as thlngs to be manipulated

to the students' own advantage. Some forms of manipulation sre less adapbxve
| then others, as when one of our younger étudents unscrewed the bulbs from
'.-several dasp]ay boxes, but in general we try to encourage.the student's feeling
that the computer and the 1npu$/output terminal are there to help 1n some B

"77 ‘1earn1ng task, not to make 1ife aifficult for him.

. Initially, almost all students exhibit a "pinbéll‘machine" effect, that is, 8
.\ motivational 1ift resulting from the novelty and the auwtomation of the equip-

ment. ”his.effect~cannot be expeéted to have permsnence, however; the content

materlal must have intrinsic 1ntereqt beyond the mechanical gadgetry. One of

a the most dlffacult tasks in the development of lesson material is to present | (

' informatlon efflclently and economically, yet maintain student 1nterest and |

curiosity. In some instances motlvatlon appears to be enhanced by the 1nser;
tion of peripheral comments having no direct relevance to the learning

objectives of ﬁhe'particular lesson.

" Automated Library snd Tnformation-Retrieval Systems

* N ‘ o ' () » o ™ 0 o

For a number of years computers have seen increasing use, especially in some
‘of the larger universities, for sutomated handling of certain library functions
such as indexing and classification, sbstracting, and cataloging. These are

basicelly bookkeeping chores, end though such computer applications save time
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and reduce clerical effort, they do not solve the basic problem of brlnglag
gtudents in closer conbact with the ¢nformatlon they should have. Typlca1ly,
gtudents today must valk to a separate bulldmng to obtein library naterials,
and %hen théy must £ill out forms end wait some appreciable time before they
receive the material. If cthey find that the initial materials do not answer
their questions, they musc wall again before they con see & new set of |

materlals. This obstecle’ bebweon students and llbrary 1nformation has an
inhlbltory effect on the entire process of student inquiry. Tt mezns chat, |
in the more crowded colleges, ab 1easL, most students do not seek new infor--
mation on their own initiative; tﬂe& search only as far és they must to meet
qpe;ific requirements levied‘by the instructor. Or, if the students do any -
voluntary study in the.library,'they tend to berceive this ectivity as quité

* geparete. and distinet from the classroom instruction. .

What appears to be needea is o meﬁhod of reducing the obstacles between

?studenbs and information, and of bringing.classroom learning and inquiry
together as one 1ntegrated process. An 1mportant step in this direction is
' to eliminate £hé information mi&&le;man, and to give students direct access
. jto & widé va;iety of reference matériél. This, I would assume, should be

one goal of thé dial access informetion system at Bucknell University.

| fo take full adventage of-im@roved ipforﬁatién-retrieval systems such as the
dial access éysfem, changes are needed. in the classroom instruction so thatv

" dnquiry end retrieval activities are an'integral par£ of the instruction.
The instruction may present factuql problems requiring.the students to

: retriévexspecific pieceé of informabtion, or it might contain open~-ended,

- discussion~-type problems stimuleating the students to browse moré'widely
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-through reference meterials so as to gain & broader persped%ive’and,more

. ) . . o . §
" angles of approach on the problems. i

f

The language usea.betweeﬁ student and computer is enother important factor

. L11]

IR T Y

in the effCCulveDOdS of cowputer-based inquiry systems. 8SDC has been working -
: for several yesrs on & natural-languege information—refrieval system that
',allows a student or other user to ask queetioev of & computer in his ovm
words. The system uJes 8 compuber program, called SYNTHEX (Slmmons, 3967),
that performs a syntactlc snalysis of the questions and responds to them by
~ typing out relevant statements from a library of statements in memory.
Experimeﬁts with SYNTHEX, using the Colden Book Encyclopedia as a data base,
ﬂ,Pf:have demonstrated the technolochal feasibility of This questmon~answer1ng
VAN approach, but much more work is needed %o make it a practlcal tool for

education.

 The Computer as & Classroom Information System for Teachers

Where it is notb pracblcal or des1rable to have a computer interact directly
with students, it can be used as en information system to aid teachers in the
individusl monitoring and management of student progress. The Instructional '

3

' Management sttem.(IVS), developed by Sv tem Development Corporaulon, and

currently being used experlmentally in two California schools, prov1ﬁe ~such

c&pabilities.' Other systems, designed for 31m11ar purposes, include the
 Individually Prescribed Instructlon \IDI) system developed by the Un1versm,y
i of Pittsburgh, snd the Program for Leerning in Accordance with Needs (PLAN),
- developed jeintly by the American Instjﬁuﬁe for Research and Vestinghouse

/7
lLearning Coxporation,




.25

IMS is a technological tool~~a combinetion of materiels, equipment and- .~ , | i

' pfdcedures ﬂesigned to give teachers both diagnostic and prescriptive infor-

o .
- R T L .
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l-matmon about individuel children or groups of children in the classrooms.
.'A conputer meintaine a pupil dets base containing baclground information and
: currenﬂ performance'data for each pupil. T4 elso stores informstion sboutb
avamlable seatwork end obher exercise material rﬁlevant to each specific
Jesrning objective. As the pupils complete each instructional unlt, they
g are glven diagnostln tests on mochine-reodable snswexr sheets. These tests
are not the conVLnblonal Ltype of global assessment test; they are de51gned
to glve pre01se evaluatmons of performance on individual learnlng objectmveq
defined in terms of the desired pupil behaviors. Te esults are used to
poate the pupil performance records, end on the day after each test the
teacher recelves mechlne-prepared summarles gshowing the pupils' progreas

- J
*/ and indicating which puprls performed poorly on which tasks, The summary

N

also suggests alternative 1nstrucb10nal materlalv or teachlng techniques
that the teacher might use for pupils wmth epeclflc weaknesses. Through a
:teletypewriter terminal.,, teachers and aamlnlstrators can query the computer's

data base for summarized or detailed information about individuals or groups
B ' .

of pupils.

, 'IMB is designed to operaﬁe initially in the context of a convenkional classroonm

organlzation, in which groups of puplls move &bt the same pace with little

opportunity for ind1v1duellzed instruction. However, it is antlclpated that,

through its eapablllty for presenting diasgnostic and prescriptive information
on en individual basis, IMS will help schools to move toward a more flexible

.continuous-progress mode of operation. IMS also eppears to offer & better
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~ chence for economically practical epplication in public schools than direct

computer-assisted instruction of students, et least for the next five or

ten Yeors.

Future plens for IMS include the enhencement of both its dlagnostlc ond

‘P ‘prescrnpuive capabllmtmes. Although diagnosis is presently resbrlcted to

gimple percentsge scores on multiple-choice questions, it is quite possible

4o incorporate other, more complex types of evaluabion., In the more advenced
: |

grades, for example, the computer night be used to grade essay materiai..
Such & cepability has already been developed at the Un1vers1ty of Connectlcut
and applied experimentally to the greding of English esseys (Page, 1966).

Prelxmlnary resulls suggest that computers are capable of'relatively complex'

f analyues in evaluating discursive responses, and may egproach the level of

eveluatlve sophisticatlon of the typical high school teacher. More study

‘ will be needed to determine whether such computer appllcatlons are of

/

.;§4 teachers to remedy learning deflclenc1es detected by IMS. One type of

K
v
‘o

* c

practlcal utillty in the schools.

-

]
3

) the prescripbive side, we, plan to explore the 1 .ssible uses of a computer

#

i %0 increase ‘the quantlty and. variety of instructional material avalleble to

computer program thet we hope to develop will descrlbe the characteristics
of lesson sequences that need to be wrltten or adapted to £1i1l gaps in the
existing material. For example, based on en analysis of student response
proflles, the computer might print a messaae saying, "More than 30 percent
of the students show inadequate mastery of transposition rules in algebra.

'A‘new lesson segment is needed.with the following sequence of instruction:

-
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~(l) drill work on arlthmetlc operatlonw, (2) review of rules of trahsposition;

"‘1and (3) arill work on appllcatlon of transposition rules."
.n%%y‘f o |
” 'Another compuber progfam that'we will e vorking on over the nexlt few years
"'will'actually sgsemble lesson sequenceé, drawing from 8 poo;.of instruotional
frenics generated by human suthors., ‘To accomplish this we will'hove to give
the computer not only the pool of fremes, but & se£ of descriptor values for
each frame, end & set of rules telling e computer oow to draw samples of

frames according to ﬁheir descriptor values, end how to sequence the fromes

to meet specific learning needs revealed by the performance profiles.

Finally, underlcertain conditions it is possible to program the computer to

- constiruct its own frames as well as to sequence the frames. For example, it

is extremely sxmple to have a computer generate any desired quantity of

eddition problems, uoing dlfxercnb combinations of numbers. -

In coming yeérs we hope 1o extend our spplication of IMS to other grade
leve]s. Although our current work has been exclusively at the public school
level, I believe that, with sultable adaptatlons, it could be an exmremely

useful tool for higher education as well.

Administrative Data- Management Systems

Since the ultimate purpose of. schools and unlver51t1es is to teach, it seems

" " yeasonable that teaching effectlveness, as measured by student performance,

" ghould be an important factor in menagement decisions at the top administrative

Jevel of those 1nst1tut10nu. Ifonically, information about learning progress

. 1is rarely con51dered in the major policy decisions of the typlcal school or

" university.. These decisions are based largely on economic or political

4

[
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" considerations, or sre forced by the sheer logistics of trying to,keep“é‘

repidly growing nnmber of students busy end out of trouble. The rare
.eyceptlon, vhen the aamwnlstrauor becomes uerlously'coneernea with student

performance, is when they do poorly on some stendardized test relative to

fl other inebmhublone, eepecme]ly 1f the results are widely publlclzea.

"We nee autemptlng et SDC to develop procedures that will help administrarors
’ﬂ use student performance date in thedixr admlnlstratlve decisions. We feel

" %hat the use of such dats should not be a chance occurrence, but & regular

part of the edmrnmstratlve routine. Three thlngo are needed before thls

| goal can be'accomplished:' (1) The college or school district must have

"clearwcut, operatmonal objectives with a551gned.prlor¢t1es, and at least
% some of these obgeotlves muet be aeflned in terms of student performance;

o (2) administrators mnst'have basellne data on student performance in different

subject areas, SO that they have some relative besis on which to set perfor-

mance standards, end (3) they must have ready access o information sbout

- eurrent performance. This 1nformatlon shoula not be in the form of large

quentities of raw, unmanageable data, but in brief swmaries tailored to the
: i . .
edministrator's needs. o

o Some progress 1s belng made toward meeting these three requirements. A nunbexr

'of colleges an& universities have recently sterted efforts to define their
objectiveg more operationally and to sel some type of perfoxrmance standards.

~ This trend ;s Ffurther encouraged by the growth of programmed instruction and

1

by the application of systems analysis techniques in education, as both of

~.

these nethods place heavy emphasms on the definition of objectives and

performance measurese.
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To aid in the need for better perlormance data, SDC is developing & compﬁter~
. bascd date~menagement system designed to provmde admlnnstnators vwith eccurate,

: up~to»date s»udent parformance summaries, glong with budget and personnecl,

Y data. This system, called SPIAN (Krobs & Yett, 1966), allows admlniSurwtors.

~ .y ‘

to query the computer's date base through & teletypewrlter in the admlnlsgra~

tive office. The project is still in dits early exploratory steges, but in

onas small school district vhere we exe currently working with SPIAN, we have
- geen the superinbendent and his staff begin to inclide studen: performance

; as en agénda itenm in thelr regular staff meetings. Perhaps it is not too

> far~fetched ‘to envision the day wvhen 8ll colleges,. universities, end districts
will base their budget and.personnel allocations at least partially on the

| ; students performance in different subject sareas, with greater resources belng

essigned to areas-where pexrformance is deficient.

<
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